Fig. 1. Double immunolocalization of GD3 (a) and GMI (b) gangliosides on the surface of cells growingfrom explants of 7-dayold post-natal rat retina after 7days in vitro
Live cultures were incubated at 4°C for 1 h with a solution containing a mixture of monoclonal anti-GD3 antibody (LBL) and affinity-purified polyclonal rabbit anti-GM 1 antibodies. GD3 and GM1 antigens were visualized using goat anti-( mouse rhodamine) and goat anti-(rabbit fluoroscein) conjugates, respectively. Note that different cell types bear GM 1 and GD3: GM1 is restricted primarily to long neuronal processes which are GD3 negative; while GD3 is confined to the surfaces of small multiprocess-bearing cells and some non-neuronal 'flat cells'.
protein. Because of the general distribution of the staining, it was impossible to discriminate neuronal from glial localization. Studies were, therefore, undertaken in explant culture.
In explants of adult retina, GM1 antibody staining was restricted to fine neurites and their parent cell bodies. These cells and their processes were also positive for Thy-1 and neurofilament (detected with the monoclonal antibody RT97), but did not bind anti-GD3 antibodies. Neurofilament is known to be present in ganglion and horizontal cells and Thy-1 in ganglion and amacrine cells (Johnson et al., 1988) , suggesting that the GMl-positive neurons detected here are ganglion cells.
Anti-GD3 binding was restricted to some flat cells. There was no outgrowth of interneurons from adult retinal explants, although there was from explants of 7-day-old rat pup retina. In the latter, LB1 gave a stippling of some flat cells, but bound most strongly to small, round, neurone-like cells bearing multiple, highly branched, short processes (Fig.  l a ) . A few of these also showed weak staining with anti-GM1 antibodies, perhaps representing binding to G D l b. The anti-GM1 antibodies again reacted most strongly with some long fine processes (Fig. 16) .
We conclude that, in the rat retina, GMI is predominantly localized in amacrine and ganglion cells and their processes, whereas GD3 occurs in the Mueller glia. In addition, some neurones may contain GD3. Spermine is one of the naturally occurring polyamines which are found in all mammalian cells (Tabor & Tabor, 1984) . The polyamines, spermidine and spermine and their precursor putrescine, are required for normal cell growth and cell function, although their exact role is not known (Pcgg, 1986) . In contrast, it has been known for some time that both spermidine and spermine, at high concentrations, can inhibit cell growth in a number of different cell lines (Alarcon et al., 196 1 ) . It would therefore appear that polyamines are both positive and negative regulators of cell growth. The toxicity of polyamines was originally thought to be dependent on their extracellular metabolism; oxidation to reactive aldehydes by an amine oxidase present in bovine serum (Tabor et ul., 1964) . In this study we have shown that spermine is also toxic to BHK-2 1 /C 13 cells when grown in medium supplemented with horse serum, which has little amine oxidase activity (Higgins et ul., 1969) . Other workers have also reported that thc toxicity of polyamines was not entirely dependent on extracellular oxidation, but may be due in part to an intracellular event (Higgins ef ul., 1969; Smith et al., 1983) .
BHK-2 1 /C 1 3 cells were grown in Dulbecco's modification of Eagle's medium supplemented with 10% (v/v) horse serum at 37°C in a humidified atmosphere of air/CO, (l9:1, v/v). Protein content was determined as a measure of cell growth (Lowry el ul., 1951 T h e ID,,, value of spermine on cell growth was dependent on the growth status of the cells. If added at the time of plating the value was low (0.27 * 0.07 mM) owing to the negative effect of spermine on the ability of the cells to adhere to the plates. When added after 16 h (lag phase) the ID,,, value was higher (1.03 f 0.07 mM), while in exponentially growing cells it was as high as 2.00 mM. T h e protein content of cells treated with 2 mwspermine decreased with time in culture, being about 50% of the control value at 8 h and less than 1% after 24 h exposure (Table I ) .
Toxicity was observed in these cells when the intracellular sperminc content exceeded 35 nmol/rng protein. This increase in sperminc was accompanicd by a reduction in both the putrescine and spermidine content of the cells, thc former falling below the limit of detection (results not shown). There was no evidence of spermine metabolism or intcrconversion to other polyamines in the medium.
A decrease in DNA synthesis accompanied the loss of protein ( Table 1 ) . Under normal conditions, spermine has bccn shown to bind to DNA and is believed to stabilize its structure (Basu & Marton. 1987) . At high intracellular spermine concentrations, increased binding of spermine t o DNA may act to change the conformation of the nioleculc further reducing its ability to replicate, o r it may induce DNA strand breaks.
A gradual decrcase in the reduced glutathione content of thc sperminc-trcatcd cclls was observed with time. T h c glutathionc content fell below the limit of detection after toxic exposures ( Table 1 ) . Glutathione plays an important role in cellular defences against toxic xenobiotics either by direct conjugation with their reactive metabolites or by preventing redox cycling of reactive species. T h e depletion of glutathione in the presence of spermine may be due to conjugation with thc spcrmine, oxidation to glutathione disulphide and/or other as yct unknown mechanisms.
Spermine is toxic to BHK-21/C13 cells by a mechanism which does not involve its extracellular oxidation. At toxic levels D N A synthesis was decreased and depletion of intraccllular glutathione was observed.
